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Abstract 


injury by the ICV method. 


biochemical studies were performed. 


compared to the control group (P> 0.05). 


surgery; Vitamin D 


S 


Introduction: Simvastatin is a lipophilic statin. Lipophilic statins can cross the blood-brain barrier. The present study 
investigates the effect of simvastatin on cerebellum and region CA1 neurons of hippocampal in adult male rats without brain 


Method: In this experimental study, 26 male Wistar rats weighing 250-300 g were randomly divided into six groups (n=6) 
including: control ICV (without injection), Shm (3ul ICV distilled water), simvastatin 28.5 nmol ICV, simvastatin 28.5 nmol 
ICV + vitamin D 5 pg/kg. Simvastatin treatment was performed for seven days. After the treatment period, Histological and 


Findings: Based on the results, the groups receiving simvastatin with a concentration 28.5 nmol did not have a significant 
difference in the percentage of degenerative cerebellar neurons compared to the control group (P> 0.05), but a significant 
percentage of degenerated cells in the neurons of the hippocampal region CA1 compared to the control group (P <0.05). 


Was observed with the control group. No significant effect was observed on the level of MDA and FRAP in any of the groups 


Conclusion: The present study results showed a negative effect of simvastatin on hippocampal pyramidal neurons, but this 


negative effect was not observed on Russian Purkinje cerebellar neurons. 
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Effect of Intracerebroventricular Injection (ICV) of Simvastatin on Cerebellum and CA1 Region of 


the Hippocampus 


Introduction 


The first Statins were discovered in 1972 by Dr. Akira 
Ando’s research team [1]. Inhibitors of hydroxymethylglutaryl 
coenzyme A (HMG-CoA) reductase, statins are approved by 
the US Food and Drug Administration (FDA) as cholesterol- 
lowering drugs. These drugs target the liver and inhibit 
cholesterol biosynthesis, which results in decreased 
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intracellular cholesterol levels in the liver and subsequently 
regulates the number of LDL-C receptors on the cell surface 
[2]. Statins are generally known for protecting and treating 
cardiovascular disease [3], reducing LDL-C and TG levels, 
and increasing HDL-C [4,5]. Simvastatin is a member of 
the lipophilic family of Statins [6]. Research shows that 
simvastatin is a lipophilic statin capable of crossing the 
blood-brain barrier [7,8], so it affects the brain. 


Oxidative stress stems from the imbalance relation of 
oxidants (free radicals) and antioxidants, which results 
in the accumulation of free radicals in the cells, which 
subsequently interact with the biological molecules. It 
mainly arises from an increase in free radicals, an imbalance 
between the production and elimination of active species in 
the body, and a decrease in the potency of the antioxidant 
defense system [9,10]. Several cellular processes, including 
cell metabolism, cell signaling pathways, gene expression, 
cell proliferation, and programmed cell death, are affected 
by oxidative stress [11]. The antioxidant defense system is 
divided into two categories: the non-enzymatic antioxidant 
defense consisting of small molecules such as vitamin 
E, ascorbate, and glutathione. The other is the enzymatic 
antioxidant defense of the cell includes superoxide 
dismutase catalase, glutathione peroxidase and glutathione 
peroxidase. Decomposition of volatile peroxidases derived 
from unsaturated fatty acids leads to the formation of 
malondialdehyde [12]. 


In addition to their effects on plasma lipids, statins 
can have important anti-inflammatory effects. Since 
inflammation is directly related to the production of reactive 
oxygen species, the molecular basis of the observed anti- 
inflammatory effects of statins may be related to the ability 
to They will be in the cessation of production or activity of 
ROS. The antioxidant effects of statins are likely to contribute 
to their clinical effectiveness in treating cardiovascular 
disease and other chronic diseases associated with increased 
oxidative stress in humans [13]. In addition to their fat- 
reducing properties, statins have separate pleiotropic effects, 
including inhibition of oxidative stress [14]. Statins have 
rapid anti-inflammatory and antioxidant effects [15]. 


The present study evaluated the direct effect of 
simvastatin on neurons in region CA1 of the hippocampus 
and cerebellar neurons. 


Materials and Methods 


Twenty-six male Westar rats weighing 250-300g were 
purchased from the animal house of Urmia University. 
All procedures were followed according to the National 
Institute of Health guide for the care and use of Laboratory 
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Animals (NIH Publications No. 8023, revised 1978) and local 
guidelines for compassionate use of animals in research; Rats 
were kept in cages with open access to standard tap water and 
compact chow. The animals were held in the same laboratory 
conditions (18°C to 23°C room temperature and controlled 
humidity) with alternating 12-h light and dark cycles. The 
Ethics Committee has approved the proposal of this study of 
Urmia University (Ethics Code: IR-UU-AEC-3/1033 / DA). 


Animal Grouping 


1. Healthy control group who received normal water were 
not injected (C). 

2. Sham group received 3 ul of distilled water as ICV (shm) 

3. Simvastatin group with a dose of 28.5 nmol received a 
simvastatin by ICV [16] (sim). 

4. Simvastatin group dose of 28.5 nmol with vitamin D 
supplement 5 pg/kg (200 IU) [17] (sim + vD). 


The drugs were administered once daily for seven days. 
The drug simvastatin used in the present study was produced 
by Timova Pharmaceutical Company (Denmark). 


Stereotaxic Surgery and Cannulation for 
Intraventricular Brain Group 


A cannula was implanted in the third cerebral ventricle 
of the rats a week before the onset of behavioral tests. Before 
surgery, animals were anesthetized by intraperitoneal 
injection of ketamine and xylazine at doses of 10 mg/kg 
and 10 mg/kg, respectively [18] After shaving head and 
disinfecting hair with 10% betadine and 70% alcohol, they 
were placed in stereotaxic apparatus, then using third 
ventricular coordinate axes (AP = -4.2 mm, L = 0mm, DV = 
-4.2), a 5mm long cannula (needle head 23) was placed as 
a guiding cannula in the third ventricle of their brain. The 
coordinate axes used in stereotaxis to access the brain’s 
third ventricle were selected from the brain atlas [19] to fix 
the cannula on the animal skull using two eyeglass screws 
as a base dental cement (a mixture of self-curing acrylic and 
monomer). A piece of thin copper wire was inserted into the 
cannula to prevent CSF or blood flow through the guiding 
cannula. 


After the end of the course of drug use, biochemical and 
microscopic studies were performed. 


Histological Studies 


The brains of mice were transferred to 10% formalin 
for fixation and then subjected to dehydration, clarification, 
paraffin, and molding; then, six micron-thick sections were 
prepared by microtome. After staining with hematoxylin 
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and eosin, they were examined with a light microscope. The 
pyramidal neurons of region CA1 of the hippocampus and 
Purkinje neurons of the cerebellum were explicitly studied. 

Degeneration of neurons (degeneration: abnormal 
changes in cell appearance, including cell shrinkage, 
membrane uniformity, and cytoplasm density) were 
examined by light microscopy [20]. 


Sampling 


After completing the course of medication (Seven 
days), the rats were euthanized with ketamine (75.00 mg 
kg?; Alfasan, Woerden, The Netherlands) and xylazine 
(10.00 mg kg"; Alfasan, Woerden, The Netherlands), both 
intraperitoneally (IP). Then blood samples were taken from 
the heart of the animals. After one hour, all blood samples 
were centrifuged at 1500 rpm for 10 minutes to isolate 
their serum. The obtained serum was carefully separated by 
a sampler and stored in Ependrov microtubes in a freezer 
at -80°C for serological assessments. The brain tissue was 
carefully removed and transferred to a -80°C freezer for 
evaluation of oxidative stress markers. 


Biochemical Assay 


To lipid peroxidation measurement, the malondialdehyde 


(MDA) concentrations of brain tissue were assessed using the 
reaction of thiobarbituric acid as previously described [21]. 
The amount of total antioxidant capacity (TAOC) of brain 
tissue was evaluated using the ferric reducing antioxidant 
power (FRAP) test [22]. 


Statistical Analysis 


Data were analyzed by one-way ANOVA using SPSS 19 
software and Tukey tests, and the results were presented as 
mean + standard deviation error. P <0.05 was considered as 
the level of significance. 


Serological Outcome 


Results of Examination of Neurons in the Cal 
Region of the Hippocampus 


Statistical results of neurons in the cA1 region of 
the hippocampus (pyramidal neurons) showed that the 
group receiving simvastatin at a dose of 28.5 nmol (sim) 
had a significant increase (P <0.05) in the percentage of 
degenerative cells in this region compared to the control 
group, but other groups did not show a significant difference 
compared to the control group (P> 0.05) (Figure 1). 
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Figure 1: Effect of simvastatin and vitamin D the cA1 region of the hippocampus (Mean + SEM). abc Different letters indicate 
a significant difference between groups in each column (p < 0.05). 


Results of Examination of Cerebellar Neurons 
(Purkinje Neurons) 


Statistical results of cerebellar neurons (Purkinje 
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neurons) showed that none of the groups had a significant 
difference in the percentage of degenerative cells in this area 
compared to the control group (P> 0.05) (Figure 2). 
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Figure 2: Effect of simvastatin and vitamin D on the cerebellar neurons (Mean + SEM). abc Different letters indicate a significant 
difference between groups in each column (p < 0.05). 


X S 
MDA Biochemical Test Results stereotaxic surgery group showed that none of the groups 
had a significant difference in MDA compared to the control 
The statistical results of MDA biochemistry test in group (P> 0.05), (Figure 3). 
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Figure 3: Effect of simvastatin and vitamin D on the MDA biochemical test (Mean + SEM). abc Different letters indicate a 
significant difference between groups in each column (p < 0.05). 
iN J) 
Results of FRAP Biochemical Test showed that none of the tested groups were significantly 


different from the control group (P> 0.05) (Figure 4). 
The statistical results of the FRAP biochemistry test 
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Discussion and Conclusion 


Cholesterol is an essential sterol synthesized by 
most human cells, majorly in the liver. It is a necessary 
constituent of cell membranes; it acts as a precursor for 
synthesizing steroid hormones, vitamin D, and bile acids. 
Cholesterol is transported in plasma primarily in low- 
density lipoproteins (LDL) [23]. Statins have an impact on 
serum cholesterol concentration. Treatments with statins 
reduce LDL-C levels [24]. Cholesterol does not cross the 
blood-brain barrier [25]. Brain cholesterol is produced 
by its production in this organ. Any interference with 
cholesterol concentration in the brain can also affect the 
cell wall, resulting in lipophilic statins such as simvastatin. 
It can cross the blood-brain barrier and affect cholesterol 
concentration in the brain. In one study, when lovastatin or 
simvastatin was temporarily injected into mice, simvastatin 
was found in higher concentrations in the CNS, causing 
changes in the expression of more genes and significantly 
lowering brain cholesterol levels than lovastatin [26]. The 
study results of Wonders of Pamelia and Manik Panilia et 
al., Showed that cholesterol levels in the cerebral cortex are 
slightly reduced [27]. 


Some studies of the adverse effects of statins include: 
cessation of DNA synthesis and proliferation [28], cell death 
in primary neuronal cell culture [29,30] death of neuroblasts 
[31], loss of synapses [32], and adverse effects on cognitive 
function has been reported in clinical studies [33]. The results 
showed that the death of neurons and oligodendrocytes was 
ata concentration of 0.1 umol of simvastatin, which was in the 
same range for the inhibition of cholesterol by simvastatin in 
liver tissue [34,35]. 
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Figure 4: Effect of simvastatin and vitamin D on the FRAP biochemical test (Mean + SEM). abc Different letters indicate a 
significant difference between groups in each column (p < 0.05). 


The results of some studies suggest that simvastatin 
is effective in inhibiting hippocampal cell apoptosis and 
inflammation in mice with Alzheimer’s disease. That 
simvastatin has protective effects on the nervous system 
[36,37], and that treatment with simvastatin has potential 
inhibitory effects on apoptosis of hippocampal nerves, 
thus helping to improve memory [38,39]. Some studies 
have shown that treatment with simvastatin significantly 
reduces nerve damage. And reduction of apoptosis in the 
hippocampus [40]. 


Measures that directly study cerebral structure, cerebral 
blood flow, cholesterol circulation, and neuronal activity 
can be used to understand how statins affect the CNS. Still, 
there are few studies in this area. And their results are 
different. Decreased hippocampal volume and memory 
impairment have been studied in some age-related studies; 
however, there are few studies on the effect of statins on the 
hippocampus. There are many differences in their results 
[41,42]. Also, other research results indicate the death of 
cerebellar granular neurons in cell culture medium treated 
with simvastatin 0.1 pmol [29]. In this regard, the results of 
Zongmin and Steven’s research aimed at investigating the 
effect of simvastatin on the progression of myelination in a 
mouse cerebellum cell culture model, indicating inhibition of 
cholesterol synthesis by simvastatin during the progression 
of primary cells to neurons and oligodendrocytic and showed 
harmful effects of simvastatin on myelination [43]. 


The results of the present study, despite the difference in 
the type of use of simvastatin (in this study as intraventricular 
injection) and the difference in the dose used (in this study, 
28.5 nmol dose of simvastatin) confirm the above research 
on the negative effect of simvastatin. The results of the 
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study of hippocampal tissue in the present study indicate 
a significant increase in the percentage of degenerative 
pyramidal neurons in the cA1 region compared to the control 
group (Figure 1). The important point in this study is that 
in the group receiving vitamin D supplementation (Sim 
+ vD), there was a significant decrease in the percentage 
of degenerated neurons compared to the group receiving 
simvastatin (sim), which can be the important point. It is 
important to take vitamin D supplements with simvastatin, 
which could lead to more research on the importance of 
taking statins more efficiently. If there is a lot of research 
on vitamin D supplementation with statins, it is associated 
with a decrease in vitamin D and the development of statin- 
induced muscle myopathy. 


The study results of cerebellar tissue (Purkinje 
neurons) in the present study did not show any significant 
adverse effect of simvastatin in the groups receiving this 
drug compared to the control group (Figure 2). The present 
study is one of the few studies on the effect of statins on the 
cerebellum and the clinical manifestations of statin drugs 
on central nervous system cells, including the cerebellum. 
The present study was performed without complication 
in the cerebellum on healthy mice. The direct effect of 
simvastatin on the cerebellum was performed as part of 
the central nervous system results of the present study 
show that simvastatin is used in the form of i.c.v injection 
in the third ventricle of the brain, there is no negative effect 
on the appearance of cerebellar cells. It should be noted 
that the presence of vitamin D supplementation did not 
show any significant effect on the histomorphometry of 
cerebellar cells compared to the control group. Perhaps the 
main reason for the discrepancy between the results and 
some of the above studies is the difference in the type of 
statin used and the difference in the dose used and also the 
difference during the treatment period [16], Because of the 
importance of these drugs, more studies are needed in the 
future. 


The question may arise as to why the drug simvastatin 
in the present study caused significant degeneration of 
pyramidal neurons in region CA1 of the hippocampus. Still, 
this tiger effect was not observed in Purkinje’s neurons? 
The answer to this question is in Segatto M. et al.’s research 
results. They reported that statins had the most significant 
effect on the hippocampus and cortex and had a minor 
impact on the cerebellum and brainstem. The results of 
Segatto M, et al. showed that differences in HMGR and LDLr 
regulation are present in brain areas. They also reported that 
these variations seem to be related to cholesterol turnover, 
regional myelin content, and synaptic plastic modulation. 
These data emphasize marked functional differences in 
HMGR and LDLr regulation in brain regions [44]. 
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Simvastatin-induced toxicity has been reported on 
different cell types [45]. Statins have a significant effect 
on the hippocampus [44], and simvastatin has been 
reported to impair myelin repair in myelinated mice [46]. 
Simvastatin treatment may interfere with myelin repair by 
inhibiting lipid-associated signaling and the cholesterol- 
dependent process [47]. Other studies have also shown that 
simvastatin blocks the differentiation of progenitor cells 
into mature molecular cells in the CNC (Central nervous 
system) [48,49]. Kaminsky et al.’s research showed that 
treatment of astrocytes with simvastatin induced apoptosis 
in a dose- and time-dependent manner [45]. Statins lower 
cholesterol [50], That cholesterol is an integral part of 
animal cell membranes; therefore, any drug that affects 
cholesterol concentration can affect animal cell membrane 
cholesterol since statins are cholesterol-lowering drugs. 
They can affect the cell membrane, cholesterol does not cross 
the blood-brain barrier, and brain cholesterol is produced 
by its production in this organ [25]. Any interference with 
cholesterol concentration in the brain can affect the wall. The 
effect of statins on cholesterol increase the permeability of 
cell membranes due to disturbing the cholesterol] balance 
of the cell wall can enter the cell during tissue passage and 
affect the results of studies. 


Increased antioxidant enzyme activity has been reported 
during treatment with atorvastatin and simvastatin [51]. 
MDA is a by-product of lipid peroxidation and is widely used 
as a marker of oxidative stress [52] oxygen radicals produce 
membrane peroxidation and malondialdehyde formation, 
which is detrimental to cellular function. Oxidation can 
increase membrane permeability while MDA can inactivate 
membrane channels by establishing interdisciplinary and 
intermolecular relationships [14]. Study results show a 
significant reduction in MDA with atorvastatin 20 mg Shows 
[53,54]. Statins have been shown to reduce MDA in patients 
with type 2 diabetes and fatty liver [53,55,56]. Significant 
reductions in serum MDA as a marker of lipid peroxidation 
have been reported in patients treated with high-dose 
simvastatin [57]. 


FRAP concentration considers the cumulative action 
of all antioxidants present in plasma and body fluids and 
provides an integrated parameter instead of the simple sum 
of measurable antioxidants [58]. Simvastatin treatment 
does not affect the FRAP [59,60], but the results of another 
study indicate that serum FRAP levels increase in patients 
treated with long-term atorvastatin [61]. Simvastatin has 
been reported to increase catalase levels and inhibit lipid 
peroxidation [62]. The results of a study by Joon John 
Moon et al. The antioxidant effects of statins indicated 
that short-term use of high-dose statins had significant 
antioxidant effects [63]. It also affects cholesterol levels, and 
its antioxidant effect is independent of cholesterol lowering 
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effects [64]. Statins increase nitric oxide production, leading 
to increased catalase, 4BH, and inhibition of LDL oxidation. 
and restore vitamins C, E, and endogenous antioxidants such 
as ubiquinone and glutamine [65]. 


In general, citing previous research on the antioxidant 
effects of statins, it has been argued that statins decrease 
malondialdehyde levels and increase the FRAP test. The 
results of the present study showed that simvastatin in the 
dose used and the duration of use showed a slight effect on 
reducing MDA (Figure 3) and a small effect on increasing 
FRAP (Figure 4), and there was a no significant difference 
in either of the two biochemical factors. It should be noted 
that the presence of vitamin D did not show any significant 
effect in biochemical tests compared to the control group. 
The question arises: Why, despite the negative effect of 
simvastatin on pyramidal neurons in the CA1 region, has no 
negative effect occurred on biochemical tests? It should be 
noted that the effects of statins on serum profiles and other 
tissue effects are different from the antioxidant effects of 
statins [14,64]. 


Also, in the present study, an adverse effect was observed 
in the CA1 region, but no significant adverse effect was 
observed in the cerebellum (Purkinje neurons). It should be 
noted that the tissue section studied for biochemical tests 
involves large parts of the brain and is not specific to the CA1 
region. On the other hand, brain cholesterol is caused by its 
production in this organ [25]. Any interference in cholesterol 
concentration in the brain can also affect the cell wall. Thus 
the effect of statins on cholesterol and increased permeability 
Cell membranes can enter the cell due to disturbance of cell 
wall cholesterol balance during tissue passage and affect 
the results of studies (in the present study, this effect was 
observed in the CA1 region the hippocampus). As a result 
of the effect of statins on cholesterol and increasing the 
permeability of cell membranes as a result of disturbing the 
cholesterol balance of the cell wall, dye can enter the cell 
during tissue passage and affect the results of studies (in the 
present study, this effect on CA1 region of the hippocampus 
was observed). Although this drug was observed to harm 
CA1 cells, this does not mean that it damaged other parts 
of the brain (no significant adverse effect was observed 
on cerebellar neurons in the present study) or a negative 
antioxidant effect. It should be noted that the type of statin 
use and the dose used in the present study are different from 
the above research on the antioxidant effects of statins and 
that in the present study the direct effect of simvastatin on 
the brains of healthy mice was investigated [16], It should be 
noted that the present study was performed on laboratory 
animals and this does not mean that simvastatin has the 
same effects on the human brain, so the results of the present 
study need further studies and experiments in the future. 
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Conclusion 


Simvastatin degenerated neurons in the hippocampal 
region CA1 but had no adverse effect on cerebellar Purkinje 
neurons. 
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